Effects of crop growth and physiological activity to drought and irrigation regimes 1 1 have been extensively studied; however, the responses of plant growth, morphological 1 2 2 6 strength of recovery was proportional to the persistence of pre-drought episodes. The 2 7 relationship of A sat with SPAD depends on water status and plant development. A 2 8 principal component analysis can well denote the change patterns in responses to 2 9
and photosynthetic behaviors to drought episodes and thereafter rewatering receive a 1 3 less attention. This field experiment was carried out directly in situ at an agricultural 1 4 ecosystem research station during 2015-2016, in a northeastern China, on the 1 5 renowned northeastern maize production belt, where is being threatened by severe 1 6 drought. A field automatic rain-shelter was used, and five irrigation regimes including 1 7 control, four drought episodes, and rewatering treatments were established. The traits of the plants experienced historical-drought following re-irrigating was not fully μ mol m -2 s -1 , Figure 1a ). While leaf A sat of the T 4 treatment (withholding water during tasseling-milking, 41 2 7 1 days) had an increase at earlier withholding water (silking stage), then sharply lightly rise relative to T 3 treatment, indicating that a stimulation occurred by the just 2 7 5 nearly rewatering. Leaf A sat of the T 5 treatment (withholding water during 2 7 6 silking-milking, 34 days), similar to T 4 but less 7-day drought duration, declined even 2 7 7 more sharply. It may indicate that later drought at tasseling may result in more 2 7 8 sensitive effect on the gas exchange processes. Other photosynthetically physiological parameters in the upper leaves showed Rewatering for T 2 on 27, July, and for T 3 on 10, August, resulted in stimulations in 
Responses in middle leaves
The changes in photosynthetic capacity of leaves at the plant middle position upper leaves, however, there were lower levels of A sat , SPAD, g s , and E during 2 9 1 drought episodes, while rewatering following the pre-drying also did not lead to a 2 9 2 complete restoration in the gas exchange parameters and SPAD values at later As measured in bottom leaves, there were greater levels in A sat and SPAD under 2 9 8 various water treatments at jointing stage (1, July), declining with plant developing 2 9 9
( Figure 3 ). Plants at normal irrigation (control treatment) showed higher levels in the activities.
3 0 9
The three-way ANOVA showed that watering treatment, leaf position, and 3 1 0 measured date produced significant effects on SPAD, A sat , E and WUE, individually 3 1 1 (P < 0.001; Table 2 ). Only date alone and the interaction between leaf position and 3 1 2 date had significant effects on g s (P < 0.05). The interactions between watering and The 2015-year experiment obtained the similar results on the responses of the relative chlorophyll content (SPAD values) and photosynthetic potentials mainly We measured the same leaves tagged to examine the photosynthetically physiological 3 2 6 processes at different plant developments/leaf ages and the responses to episodic 3 2 7 drought and rewatering-just staring from emerging of the leaves to becoming fully 3 2 8
senesced. As showed in Figure 4 , the leaf A sat increased from the initial stage on first 3 2 9
July, reaching a maximum on 25 July; thereafter, linearly declining with plant initially with a maximum occurrence on 31 July, and a marked decline at end of Decreases in SPAD values were often found as the drying episode occurred, 3 4 0 particularly at the end of grain-filling ( Figure 4b ). We found that the two chlorophyll parameters, drought-tolerance may be enhanced with the leaf developing or its aging, 3 4 5 this issue may need to be investigated further for different crops and their cultivars. (LBD)) in responses to drought episodes and rewatering were shown in Table 3 . The reduced plant height and total leaf area, but increased LRI significantly on 25 July, 3 5 6
indicating that the two drought treatments significantly affected plant and leaf growth,
and morphological traits and canopy structure. LRI of T 3 was greatest under drought 3 5 8 on 31 July; and that of T 2 just following rewatering rapidly decreased relative to the 3 5 9 previous measurement; and the treatments of T 2 and T 3 had higher LBD. On 7 August,
LRIs under drought conditions, i.e., T 3 , T 4 and T 5 treatments, were greater than that of were not significant between the watering treatments. LEIs of T 4 and T 5 treatments 3 6 6
were lower, indicating nearly rewatering did not trigger plant leaf erections with leaf 3 6 7
aging. Relationships between the morphological and functional traits of upper leaves were 3 7 2
given in SPAD and A sat were analysed. The results showed that no significant relationship was 3 9 0
observed from jointing to tasseling stages (Figure 5a ), whereas significant-positive 3 9 1 relationships appeared from silking to blistering (R 2 = 0.12, P < 0.001), and from 3 9 2 milking to denting (R 2 = 0.41, P < 0.001; Figure 5b ,c), indicating that their correlation 3 9 3
becomes stronger with plant developmental process, particularly at later grain-filling. In addition, no significant relationship was found under normal irrigation condition due to the watering treatments. Although the effect on crop from drought as a single stress factor is studied Nevertheless, the future models have well predicted that more extreme climate and T 5 treatments (Figures 1-3) . As reported, precipitation events could generate a is unable to totally recover to normal level (Figures 1 & 4) . As reported previously, The change patterns of middle leaves' photosynthetic parameters were similar to 4 7 9
those of the upper leaves (Figures 1-3) : Under the normal treatment, SPAD, A sat , g s , E, 4 8 0 remained at a higher level compared with drought episodes (T 3 , T 4 , and T 5 treatments).
8 1
Rewatering did not promote the photosynthetic capacities of T 4 , T 5 at the grain-filling. grain yield (also see Allison & Watson 1966; Xu et al. 2008 Xu et al. , 2011 Chen et al. 2016) .
9 3
For the bottom layer leaves, SPAD and A sat were highest at the jointing stage (first of grain-filling stage (24 August), the stimulating effect of rewatering was also lost 4 9 8
partly. The two chlorophyll fluorescence parameters, however, remained higher under 4 9 9
and after drought, especially at the end of grain-filling stage (e.g., withholding water 5 0 0 from jointing to anthesis stages, total 41-day drought episode). It may again reflect the The results of the tagged leaves showed that along with the growth of the same leaf, Ghannoum et al. 2003; Gallé et al. 2007) . Above all, the results again indicated that 5 1 8
the drought-tolerance of the chlorophyll fluorescence parameters may increase with 5 1 9
the plant/leaf growth and development when as measured in the same leaves (e.g., the 5 2 0 tagged leaves). This issue remains debated, and needs the further research.
2 1
With the progresses of the maize plant and leaf growth, the photosynthetic recover partly after rewatering, which was consistent with previous research results 5 2 5 (e.g., Flexas et al. 2009; Vaz et al. 2010; Xu et al. 2011) . The current results also 5 2 6
found that the photosynthetic performance of the middle leaves was higher than those contribute to most of carbon accumulation as plants exposed to drought episode and 5 3 3 the following rewetting.
3 4
The sensitivity of crop yield to water deficits often markedly differs at different 5 3 5 plant growth stages, which has been a classic study topic (Taylor et al. 1983 Under non-lethal water deficit during early vegetative growth, marked reductions in 5 4 0 maize plant height and biomass were often found, and its crop phenology could delay, internodes, and delays of tassel emergence, silk emergence, and onset of grain filling, Davis 2003). Thus, an early pre-anthesis water deficit might also not be neglected to , maximum quantum yield. T 1 , T 2 , T 3 , T 4 , and T 5 denote Control, withholding water during jointing-tasseling, jointing-anthesis, tasseling-milking, and silking-milking, with 260, 188, 138, 136, and 161 mm irrigation amount in entire plant development, respectively.
Figure 6
Principal component analysis on leaf functional and morphological traits and the effects of watering treatments at silking stage. Notes: LRI, leaf-rolling index; WUE, water use efficiency; red ellipse is for T 4 treatment, while blue one is for T 5 treatment. For others see Fig. 1 and table 3. 
